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548a Wednesday, February 6, 2013catalytic zinc, which may mediate recognition of the positively charged NFkB
subunits that are substrates of NleC. In order to begin characterizing the spec-
ificity of NleC, we verified the cleavage site of RelA as within the DNA-
binding loop, which was contested in the literature. As with other Zincin family
members, there are several subsites visible on NleC’s surface, which likely bind
residues near the scissile bond of the target and provide specificity. To tease
apart the contributions to specificity between global binding and local recogni-
tion of the cleavage site, we are pursuing systematic mutagenesis of the RelA
DNA-binding loop. This information will be used to define additional potential
targets mediating NleC’s role in O157:H7 E. coli virulence. Additionally, be-
cause T3SS effectors are necessarily partially unfolded during secretion into
the host, we are investigating whether the stability of NleC differs from other
Zincins by utilizing thermal degradation and atomic force microscopy pulling
experiments.
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The myelin sheath is a unique membrane, tightly wrapped around selected
axons in the vertebrate nervous system. The multilayered myelin proteolipid
membrane contains a specific set of proteins, many of which share no homol-
ogy with other known proteins. We are interested in the structure, function,
interactions, and dynamics of myelin proteins and use multidisciplinary
methods to study these relationships. We have solved crystal structures of
myelin-specific proteins, characterized their membrane-binding properties,
and initiated experiments to pinpoint details of protein dynamics. Among
our most recent results are a comprehensive X-ray crystal structure-based
characterization of the reaction cycle of the myelin enzyme CNPase, the iden-
tification of several myelin-specific proteins as intrinsically disordered mole-
cules, and the analysis of molecular dynamics in myelin proteins and the lipid
bilayers they interact with by neutron scattering. All the results will be impor-
tant in understanding the formation of the myelin membrane multilayer, as
well as the roles the myelin proteins play in myelination and myelin-related
diseases.Platform: Membrane Structure II
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Gram-negative bacteria such as E.coli are protected by a surprisingly complex
cell envelope. The cell envelope is composed of membranes that form a protec-
tive barrier around the cells, and control the influx and efflux of solutes via
various routes and mechanisms. To study the influence of the bacterial mem-
branes on the dynamics of embedded outer membrane proteins (OMPs), we
have created virtual E.coli inner and outer membranes. Our atomistic-level
models incorporate the heterogeneity of the various lipid types, including
the lipopolysaccharide molecules of the outer membrane, the mixture of phos-
pholipids in the inner membrane and some of the peptidoglycan of the peri-
plasmic space. We have performed a series of simulations exploring how
these various membrane components influence the structure and dynamics,
and therefore function of the proteins that reside within them. Furthermore,
we have used coarse-grain models to enable simulation of much larger,
multi-protein systems on longer timescales, thus we are able to simulate sys-
tems of over 1 million particles on microsecond timescales. In summary, here
we provide an update on our efforts to model an entire organelle; the cell en-
velope of E.coli.
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CNRS, UMR5504, Toulouse, France.The incorporation of well-conformed membrane proteins within lipid bilayer is
an important challenge because these proteins play a major role in every living
cell and are key factors in cell-cell interaction, signal transduction and transport
of ions and nutrients. To insert an integral membrane protein in a lipid bilayer it
is important to separate the lipid bilayer from the supporting solid substrate in
order to minimize interactions of the protein with the substrate and to provide
adequate space for the protein incorporation.
We chose to produce two kind of lipid bilayer membrane, a suspended mem-
brane in which alpha hemolysin nanopores were produced and incorporated
and a tethered Bilayer Lipid Membrane (tBLM), spaced from the surface by
a tethering molecule as a polyethylene glycol (PEG), for the incorporation of
a transmembrane protein like Aquaporin Z.
The two membrane proteins were produced directly on the top of the lipid bi-
layers using a cell-free expression system, without any purification. This alter-
native technique is not affected by cell physiology and allows producing
membrane proteins in a correct conformation without toxicity limitation, pro-
tein aggregation or misfolding. To demonstrate that these proteins produced
with this cell free expression system are inserted and functional in a lipid bila-
yer, we used Quartz Crystal Microbalance with Dissipation monitoring (QCM-
D), Atomic Force Microscopy (AFM), Surface Plasmon Resonance (SPR) and
ion current recording experimentations.
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Biological membranes are heterogeneous and highly dynamical organizations
of lipids and proteins that define the outer boundary of a cell. Solid supported
lipid bilayers have often been studied as model systems to understand the struc-
tures and properties of such cellular membranes. Such systems are constrained
to a planar geometry and the strong support-membrane interaction could dis-
rupt the inherent structural and functional properties of the membranes. To ac-
curately mimic the biological membranes with their natural thermal
fluctuations, curvature deformity and in-plane mobility of lipid molecules,
a soft support is required. Hence, we have studied a double bilayer where the
upper floating bilayer has the structural freedom to reproduce the morphology
of a cellular membrane. Electron density profiles obtained from 1,2-
dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) bilayers by reflectivity stud-
ies using synchrotron x-rays provide unprecedented structural details of this
system. Further, the effects of Ca2þ ions on the structure of these systems
and the distribution of these ions near the bilayer have been investigated. These
ions are preferentially bound to the head group region of the bilayer, which
leads to a tight packing of lipids in the film. They cause the bilayer to thicken
by increasing the hydrophobic core of the bilayer. Again, these ions are ob-
served to intensify the flexibility of the bilayers, which is exhibited by the in-
creased interfacial roughness. With the added Ca2þ ions, the inter bilayer
separation is found to increase as a function of temperature and finally the float-
ing bilayer unbinds from the adsorbed one. Such an effect was not observed in
the absence of these ions.
ACKNOWLEDGMENTS. This work was supported by Office of Basic Energy
Sciences, US Department of Energy, via Grant No. DE-FG02-04ER46173.
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We previously discovered that the main component of bacterial cell
membranes, 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE), self-
assembles into single-wall tubes with an outer diameter of 19.1 5 4.5 nm
and a length of close to 1 mm (synthetic lipid nanotubes, LNTs). 1
By exploiting the interaction of living cells (REF52) with LNTs, we demon-
strated cell contractility recording. The newly generated LNTs pattern upon
cell spreading exhibited structural fingerprints characteristic for cell types
and conditions. Monitoring the fluorescent-labeled LNTs and paxillin accumu-
lated at the focal adhesions of fibroblasts simultaneously, we proved that the
nucleation of new LNTs is linked to the cell’s focal adhesions and contractile
activity.
Wednesday, February 6, 2013 549aTunneling nanotubes (TNTs) are tube-shaped cell membrane structures be-
tween cells.2 The characterization of TNTs’ functionality by traditional biolog-
ical approaches often suffers from the complexities and a lack of controllability
in the connection. We developed synthetic TNTs by connecting cells with the
LNTs as a model system to investigate this new cell-cell communication tool.
Cells (REF52 and PC12) were rinsed with physiological buffer solution to re-
move associated proteins, and seeded on surface-patterned LNTs. Dye-tagged
phospholipids incorporated in the LNTs diffused into the cell plasma mem-
brane, suggesting the fusion between the LNTs and the cell membrane.
Physical parameters (e.g. temperature, osmotic pressure) were optimized to
promote the fusion efficiency. TNTs were found to mediate the calcium
wave propagation in different cells types. It implies that the inter-cellular
calcium migration does not require the direct cell-cell contact with formation
of gap junctions but occurs remotely through TNTs over much longer distance.
We study this TNT-mediated calcium propagation by fabricating several
artificial TNT-cell circuits of different geometries.
1. K. Sugihara, et al., ACS nano 6, 6626 (2012).
2. A. Rustom, et al., Science 303, 1007 (2004).
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Ras proteins are small GTPases that are post-translationally modified by the
attachment of lipid moieties (1). This modification is essential for the correct
trafficking and sorting of Ras proteins through the vesicular pathway from
the Golgi to the plasma membrane (2).
Traditionally the sorting of Ras is primarily discussed in the context of
membrane domains in flat membranes, neglecting the influence of membrane
shape. Recently we have demonstrated, utilizing our single liposome curvature
(SLiC) assay that the minimal anchoring motif of N-Ras (tN-Ras) up-
concentrates in areas of high membrane curvature (not published), suggesting
that curvature might act as a cue for the spatial localization of Ras proteins.
In the SLiC assay, curvature-sensing molecules are added from aqueous
solution to vesicles of different curvatures, but the vesicles are not in diffusive
contact (3, 4). In vivo Ras proteins are anchored to membranes and laterally
sorts between curved and planar membranes, which are in diffusive contact.
To study the curvature-sensing ability of tN-Ras in a setup mimicking the
in vivo scenario we developed a membrane tube based assay in which the tubes
are in diffusive contact with a lipid bilayer.
Membrane tubes are formed by heating a confined lipid bilayer (5). The tubes
eventually adsorb to the flat membrane, which enable imaging by confocal
fluorescence microscopy. After addition of tN-Ras we observed a preferential
sorting into curved tubes rather than the flat bilayer. This observation further
implies a pivoting role of membrane shape as a regulator of Ras-protein
localization.
1. Prior & Hancock, Semin Cell Dev Biol 23:145(2012).
2. Choy et al., Cell 98:69(1999).
3. Kunding et al., Biophysical Journal 95:1176(2008).
4. Hatzakis et al., Nat Chem Biol 5:835(2009).
5. Weirich & Fygenson, Poster Abstract 2731, Biophys. Soc. 2011.
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Understanding how proteins manipulate the shape and form of membranes is
crucial to intracellular cargo trafficking, yet the mechanical activities of traf-
ficking proteins remain poorly understood. using an optical-trap based assay in-
volving dynamic membrane deformations and fluorescence recovery after
photobleaching (FRAP) to measure protein mobility on in vitro endoplasmic
reticulum mimic membranes, we examined the behavior of the two human
paralogs of Sar1, a key component of the COPII family of vesicle coat proteins.
Like their yeast (S. cerevisiae) counterpart, the human Sar1 proteins can lower
the mechanical rigidity of the membranes to which they bind. Unlike the yeast
Sar1, the rigidity is not a monotonically decreasing function of concentration.
At high concentrations, we find increased bending rigidity and decreased pro-tein mobility. These features imply a model in which protein clustering influ-
ences membrane mechanical properties. Additionally we are investigating
other membrane-associated proteins known to cluster in order to further our
understanding of the model and the effects these proteins have on rigidity
and mobility.
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It has recently been shown that in-plane sound waves can propagate over long
distances in lipid monolayers [1]. Earlier it has been proposed that the propa-
gation of nerve signals can be described by sound phenomena called solitons
[2]. The implications of sound propagation in lipid membranes for signaling
in biology are far reaching and insight into this is essential for further investi-
gation. Particularly interesting are propagation properties in the vicinity of the
biologically relevant lipid melting transition, where mechanical and thermo-
dynamical properties of the system change drastically. We have theoretically
addressed the properties of sound propagation in lipid membranes throughout
the lipid melting transition. We explored dispersion and attenuation for low fre-
quency sound propagation, a regime previously unexplored. We find that dis-
persion and attenuation is closely related to the relaxation and the state of
lipid membranes [3]. Interestingly, the vast significant changes of dispersion
and attenuation occur on timescales similar to ion channel open times and
the temporal length of the nerve pulse.
[1] Griesbauer et al., PRL, 108, 198103 (2012).
[2] Heimburg & Jackson, PNAS, 102, 9790 (2005).
[3] Mosgaard et al., Adv. Planar Lipid Bilayers Liposomes, 16 (2012).
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Short-strong H-bonds are defined as H-bonds between anions such as the car-
boxyls of maleate held proximal by a proton and maleate’s cis-doublebond.
They are stabilized by the combined resonance of the anions they connect.
Bilayers in living membranes are typically stabilized by P-lipids or glycolipids
(G-lipids). G-lipids, examined by Xray & NMR, show that in addition to the
extensive van derWaals bonding between chains, the headgroups have multiple
H-bonding between the sugars. P-lipids can be zwitterionic, PC & PE. However
most P-lipids (PG, PS, PI, etc.) have anionic repulsive headgroup interactions.
Yet bilayers made of P-lipids have physical properties, Tm’s, etc., similar to
those of the G-lipids. In chloroplasts and many bacterial membranes all of
the P-lipids are either uncharged (G-lipids) or anionic! Nonetheless the Xray
(& NMR) data both show that all the P-lipid headgroup conformations are
identical: 3 glycerol carbons perpendicular to the membrane plane with the
phosphate on top and the primary chain ester directly below them. The polar
R-group is attached to the apical phosphate. This high density of surface anions
must result (Guoy-Chapman) in a high density of protons at the uniformly erect
phosphates at the membrane surface. Together with the high proton density this
suggests short-strong H-bonds between the phosphates such as those formed in
stable oleic acid bilayers (Haines, TH, PNAS 80,160 (1983)) and in cardiolipin
conformed in bilayers. (Haines, BBA-Biomem-branes 1788, 1997-2002
(2002)) In the data shown in the PNAS article, the number of protons oleate
needs to form bilayers varies from 20 to 80% of the total anions (carboxyls).
I propose that the erect phosphates trap fleeting protons between the anions,
stabilizing a phosphate ionic sheet for bilayer formation such as occurs in oleic
acid bilayers.Platform: Actin, Microtubules, and their
Binding Proteins
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The actin regulatory protein, cofilin, plays a central role in actin assembly dy-
namics by severing filaments and increasing the concentration of ends from
which subunits add and dissociate. Cofilin binding modifies the average struc-
ture and mechanical properties of actin filaments, thereby promoting
